Abstract Spirulina has emerged as the next-generation dietary supplement owing to its health benefits. Despite the advantages, there have been reports of contamination by cyanotoxins such as microcystins that can adversely affect human health. Hence, there is a need to develop a robust, efficient, and cost-effective method to detect microcystinproducing cyanobacteria in these food supplements. In this study, we have demonstrated a multiplex polymerase chain reaction (PCR) method for identification of microcystincontamination in spirulina dietary supplements. This method involves simultaneous amplification of phycocyanin and microcystin B encoding genes (pcb, mcyB). The sensitivity of the multiplex PCR was assessed, and the limit of detecting mcyB along with pcb was found to be 250 fg/ lL. The presence of microcystin was detected in five out of seven fish food supplements indicating poor culture conditions. Hence, rigorous quality control is required for monitoring the spirulina food supplements.
Introduction
Microalgae have a vast industrial potential and have emerged as the future of the food, fertilizer, drug, and cosmetic industries in the last decade (Park et al., 2018) . Arthrospira sp. such as Arthrospira maxima and Arthrospira platensis are the microalgae most commonly used for the production of dietary food supplements as they are regarded as a rich source of high quality protein, vitamins (in particular vitamin B12 and provitamin b-carotene), phenolic acids, minerals, essential amino acids, pigments, and essential fatty acids (Joventino et al., 2012; Karkos et al., 2011; Kulshreshtha et al., 2010; Vichi et al., 2012) . The algal food products derived from spirulina are advertised for weight loss, as abundant sources of energy, mood improvers, and also as detoxifier (Heussner et al., 2012) . Researchers have studied their numerous pharmacological functions such as anti-nephrotoxic properties (Belay et al., 1993) , anticancer properties (Mathew et al., 1995) , blood glucose level control (Parikh et al., 2001 ), hypocholesterolemic activity (Samuels et al., 2002) , activation of natural killer cell (Akao et al., 2009) , and hypolipidemic activity (Mazokopakis et al., 2014) . Food supplements containing blue-green algal supplements (BGAS) are sold to the customers as over the counter nutraceuticals in pharmacies, in supermarkets as well as through online stores all over the world which has made them more accessible (Vichi et al., 2012) .
Arthrospira platensis and A. maxima are produced under controlled culture conditions as well as in open pond systems. However, certain other harmful cyanobacteria grow along with Arthrospira sps. and contaminating it. These cyanobacteria produce toxins (cyanotoxins) which are chemically diverse and are classified according to their mode of action as neurotoxins, hepatotoxins, and general cytotoxins. Some of the cyanotoxin producers are Anabaena, Microcystis, Oscillatoria, and Nostoc (BittencourtOliveira, 2003; Bláha et al., 2009; Preece et al., 2015) . They can produce microcystins (MCs), a group of monocyclic heptapeptides which have more than 60 structural forms (Soares et al., 2004) . MCs mainly cause changes in the morphology and functioning of the hepatocytes thereby inhibiting the activity of protein phosphatase (Types 1 and 2A) both in vivo and in vitro. Controlling the growth of unwanted cyanobacterial species is attempted, but the contamination still occurs (Jiang et al., 2008) . The presence of such toxins has been reported throughout the world, and it has been observed that hepatotoxic microcystins are found in 40-75% of cyanobacterial blooms (Corbel et al., 2014) . Ingestion of contaminated food or water has led to increased exposure to cyanotoxins such as microcystins, and this has acquired increased attention around the world as a matter of public health concern (Gilroy et al., 2000) . This calls for an urgent need to develop and validate accurate assays which can be used to detect even minute traces of the toxins. There have been several reported assays such as ELISA (Preece et al., 2015) , cell-based bioassay (RCA) (Sorichetti et al., 2014) , liquid chromatography-tandem mass spectrometry (LC-MS/MS) (Parker et al., 2015) , reverse-phase high-performance liquid chromatography (Sangolkar et al., 2009) , surface plasmon resonance biosensor (Yakes et al., 2015) , ultrahigh pressure liquid chromatography-tandem mass (Pekar et al., 2016) , HRM multiplex qPCR (Manali et al., 2017) , and MALDI-TOF (Valerio et al., 2010) . However, these methods are either expensive, time-consuming, and require sophisticated instruments or highly trained personnel. Multiplex PCR based detection, on the other hand, is quick, sensitive, and economical. The primary goal of this work was to develop a specific and sensitive multiplex polymerase chain reaction (PCR) based assay for the rapid detection of microcystin in spirulina-based dietary supplements.
Materials and methods

Strains and medium used
Arthrospira platensis (CCC-477) was obtained from the Indian Agricultural Research Institute (IARI), New Delhi, India and grown in BG-11 medium at pH 8.5. Microcystis aeruginosa (NIES-843) was procured from the National Institute of Environmental Studies, Tsukuba, Japan and cultured in BG-11 medium at pH 7 (Rippka et al., 1979) . Controlled culture room was used to maintain the growth conditions for the cyanobacteria (25°C, 14/10 light and dark cycle). Regions of phycocyanin and microcystin B genes were cloned and maintained in pGEM Ò -T Easy vector (Promega, Madison, Wisconsin, USA). E. coli strain Top10 (Thermo Fisher Scientific, Waltham, Massachusetts, USA) was used to maintain the pGEM Ò -T Easy vector with microcystin (mcyB) and phycocyanine (pcb) genes. All the chemicals used for the experiments were obtained from HiMedia Pvt. Ltd, Mumbai, India.
Food supplements
A total of seventeen spirulina food supplements were purchased online or from pharmacies in India. The spirulina food supplements were obtained in the form of capsules, flakes, mini pellets, powder, and tablets ( Fig. 1) . Among the seventeen products, ten human food supplements (F1 to F10) were obtained from Puducherry and Erode, India. Seven fish food supplements (F11 to F17) acquired were from Kolkata and Chennai, India.
Extraction of DNA from food supplements
The DNA was extracted from spirulina food supplements using the glass powder method (Ramakrishnan et al., 2017) . 100 mg of food supplement was randomly collected from each package and homogenized using mortar with autoclaved glass powder until it turned into a fine powder. The isolation of DNA was done in triplicate for each sample to ensure that no disparity in the results occurred due to packaging errors or manufacturing defects. To check the quality and concentration of the isolated DNA, Spectrophotometer (NanoDrop Lite; Thermo Fisher Scientific, Waltham, Massachusetts, USA) was used. The ratio of absorbance measured at 260/280 nm was used to assess the Yu et al., 2002) to amplify a region 1131 bp long. The PCR amplification was standardized for the following conditions: Initial denaturation step at 95°C for 5 min followed by 35 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C for 1.2 min and a final extension step at 72°C for 5 min. A specific region of microcystin gene (mcyB) was amplified using the FP: 5 0 -CCCCATCGGGGGTA-GAACATAGGG-3 0 and RP: 5 0 -CCCCCAGTTTGGG-GAAGAAAAT-3 0 to give a product of length 212 bp using the conditions: Initial denaturation step 95°C for 5 min followed by 35 cycles of 95°C for 30 s, 54°C for 30 s, and 72°C for 20 s and a final extension step at 72°C for 5 min. The reaction without a template served as nontemplate control (NTC). PGEM Ò -T Easy Vector was used to clone the amplified regions of phycocyanin and microcystin genes, and these were then transformed into E. coli Top 10 competent cells. Colony PCR was carried out with the above-mentioned conditions to confirm the presence of pcb and mcyB. The plasmid isolated from the recombinant clones were used as a template for PCR and multiplex PCR reactions.
Sensitivity of polymerase chain reaction assay
The sensitivity of PCR was evaluated by performing analysis on serially diluted plasmids containing the target sequence (pcb and mcyB). The dilutions ranged for pcb from 300 ng/lL to 3 zg/lL, and for mcyB from 250 ng/lL to 2.5 zg/lL. Using PCR primers (Table 1) TGCTTATGTTTCTC-3 0 , RP: 5 0 -CTCAAAAACGACCAA ACTC-3 0 ), a reaction was set up with the following conditions: Initial denaturation at 95°C for 5 min followed by 35 cycles of 95°C for 30 s, with an annealing temperature of 56°C for mcyB, 60°C for pcb for 30 s, 72°C for 30 s, and a final extension step at 72°C for 5 min. The products were run on a 3.5%(w/v) agarose gel and visualized using gel documentation system (Gelstan; Mediccare, Chennai, India).
Specificity of the multiplex polymerase chain reaction assay
A multiplex PCR was set up to simultaneously detect two genes in a single reaction (Saker et al., 2007) . Cross-reactivity between the two primer sets like the formation of primer dimers and hairpins in the multiplex reaction was checked using AutoDimer (Vallone and Butler, 2004) . A standard concentration of pcb (3 ng) was spiked with varying concentration of mcyB template (2.5 ng/lL-2.5 zg/lL). The above-mentioned conditions were employed for a multiplex reaction set up with primers FP: 5 0 -CCCCATCGGGGG-TAGAACATAGGG-3 0 and RP: 5 0 -CCCCCAGTTTGGG-GAAGAAAAT-3 0 and an annealing temperature of 58°C. The reaction without the template served as a non-template control (NTC). The products were run on a 3.5% (w/v) agarose gel and visualized using gel documentation system (Gelstan, Mediccare)
Evaluation of food supplements
The isolated DNA from spirulina dietary supplements was subjected to multiplex PCR to simultaneously detect the presence of phycocyanin gene specific to Spirulina sps., and microcystin B gene which encodes for microcystin biosynthesis. A reaction was set up for a total of 50 lL using the conditions mentioned above. The reaction without the template served as a non-template control (NTC). A standard pcb and mcyB template in a single reaction were used as the positive control. Sequencing of the PCR pcb Reverse (S) TCTTCGAGAACACTTGCGTC Development of sensitive and specific multiplex PCR method for the detection 611 products was carried out using primers of mcyB. A BLAST search on GenBank (https://blast.ncbi.nlm.nih.gov) was done using the sequenced amplicons. All sequences were checked manually for the quality of the data.
Results and discussion
Sensitivity of polymerase chain reaction
To check for the sensitivity of PCR, serially diluted plasmids containing the target sequence (pcb and mcyB) was used. Using the primers designed to amplify a small region of the gene mcyB and pcb, it was observed that the mcyB gene with a product size of 93 bp was amplified and detected up to a concentration of 25 pg/lL ( Fig. 2A) whereas the pcb was detected up to 30 ag/lL with a band of size 76 bp (Fig. 2B) .
Specificity of the multiplex polymerase chain reaction
To simultaneously detect pcb and mcyB genes in a single reaction, a multiplex PCR was set up with varying concentrations mcyB spiked with a constant amount of pcb template. The goal of this assay was to check for the minimum concentration of the toxin-related gene that can be tested in the presence of the house-keeping gene. It was observed that up to 250 fg/lL of mcyB was amplified in the presence of pcb beyond which the mcyB was not amplified (Fig. 3) .
Analysis of food supplements
The food supplements obtained were subjected to a multiplex PCR reaction using the long primers for mcyB and short pcb primers. The spirulina food supplements available for human consumption (F1-F10) , when subjected to a multiplex PCR, showed no microcystin contamination (Fig. 4) . The positive control (a mixture pcb as well as mcyB templates) showed two bands at 212 bp and 76 bp. Five of the fish food supplements were contaminated with microcystin ( Fig. 5) whereas two supplements which were devoid of any microcystin contamination showed no band for mcyB. The negative template was clear. A BLAST search revealed a 100% match to the microcystin gene (data not shown). This helped to confirm the presence of microcystin-producing cyanobacteria in the food supplements used in the study which were marketed for fish.
In this study, we have developed and evaluated a multiplex PCR assay for specific and simultaneous detection of microcystin toxin-producing algae in spirulina food supplements obtained from different parts of India. There have been several reports all over the world where multiplex polymerase chain reaction has been used as a method to detect microcystin-producing cyanobacteria (Barón-Sola et al., 2012; Douma et al., 2017; Saker et al., 2007) . However, there have been no such reports across India. To the best of our knowledge, this is the first multiplex PCR assay developed for the detection of microcystin-producing cyanobacteria in blue-green algal dietary supplements in India. The primers designed for the detection of mcyB together with pcb amplify a single-copy gene making the assay even more specific.
A specificity test was carried out for the multiplex PCR assay. This was done to check the limit of simultaneous detection of the two genes considered for the study. It was seen that individually, pcb was detected up to a Ò -T Easy Vector pcb template of 3 ng/lL (76 bp) and varying concentration of PGEM Ò -T Easy Vector mcyB template (212 bp) M-100 bp ladder, L1-2.5 ng/lL, L2-25 pg/lL, L3-250 fg/lL, L4-2.5 fg/lL, L5-25 ag/ lL, L6-25 zg/lL, L7-2.5 zg/lL, L8-NTC concentration of 30 ag/lL whereas mcyB was detected up to 25 pg/lL. The difference seen here might be a result of various aspects including the specificity and sensitivity of the primers. However, when a multiplex assay was performed, the detection of mcyB in a standard concentration of pcb was limited to 250 fg/lL. This has a significant implication: a minute amount, up to femtogram can be simultaneously detected in a fast and efficient manner. It was also observed that the human dietary supplement was not contaminated. However, the food supplement available for fish was found to have the microcystin-producing cyanobacteria. This might be attributed to the stringent precautions taken while culturing spirulina for human supplements than the fish food supplements. The quality control required for the production of algal dietary supplements should be rigorous and vigilant to avoid microcystin contamination (Grobbelaar, 2003) . Multiplex PCR detected two diverse algal genes in a single reaction. This method could be further exploited for identifying different several different genes related to microcystin-producing cyanobacteria simultaneously.
In conclusion, we have validated multiplex polymerase chain reaction to be a rapid and economical method which can be used for the simultaneous detection of pcb (phycocyanin specific to photosynthetic pigment) and mcyB (microcystin B) in the spirulina-based food supplements marketed in India. This can be used as a prospective method to develop an on-field diagnostic kit for a rapid and efficient detection microcystin in spirulina food supplement industries. Further, this method can also be used to detect various other cyanotoxins contaminating the spirulina food supplements. 
